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ABSTRACT

The parasitoid females of Apantefes galleriae Wilk. laid its eggs in both
heaithy and fungus-infected Galleria meffonelia larvae. The percentage of parasitism
and the number of eggs laid per parasitoid female were not affected by the fungus
Beauveria b assiana infection. The highest mortality of the host {G. melionella) and
the least number of parasitoids (A. galleriae) emerged when the host larvae were
infected with B. bassiana immediately after parasitization. When G. mellonella was
infected by the fungus, this caused modality of different stages of the parasitoid
inside the host, being 45.3, 8.6 and 2.5% for larval, pupal and adult stages,
respectively. Developmental durations were 1.44, 12.50, 1.48 and 4.60 days in
healthy hosts and 1.99, 12.50, 1.85 and 7.00 days in fungus infected ones for eggs,
larvae, prepupae and pupae, respectively. Longevity was 7.48 and 4.21 days, and life
cycle amounted 27.50 and 23.00 days for adult female reared from heaithy and
infected hosts, respectively.

INTRODUCTION

The endoparasitoid, Apanteles galferise Wilkk. (Hymenoptera:
Braconidae) has been recorded as the most common and efficient natural
enemy of wax moths, Galleria melionella L. and Achroia griselia larvae; in
Egypt (El-Hemaesy, 1983 and Gamal Ei-Din, 1985}, in Argentine (Blanchard,
1936), in France (Wilkinson, 1932), in USA (Anonymous, 1959), in Mauritius
(Wilkinson, 1934).

The entomopathogenic fungus B eauveria b assiana (Balsamo) V uill.
was used as a microbial control agent against larval and pupal stages of the
greater wax moth, G. mellonella and lesser wax moth, A. grisella in
Czechoslovakia (Boczkowska, 1935), in Cuba (Broche, 1986), in USA
{Shimanuki, 1981 and Gupta et al,, 1994), in Egypt (EI-Sufty, 1983; Ibrahim,
1996 and Mansour, 1999 & 2003). The use of this fungus as a microbial
control agent against G. mellonella may reduce the natural parasitism by A,
galleriae.

The present work aimed to study the effect of Galleria mellonella
infection with Beauveria bassiana on the biology and developmentai stages of
the parasitoid Apanteles gaileriae.

MATERIALS AND METHODS

This investigation was conducted in the laboratory to evaluate the
effect of diseased Gallera meflonelfa L. larvae by the fungus Beauveria
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Cultures preparation:

Larvae of G. mellonella (second or third instars) were obtained from
infested old bee wax. The larval stock was kept feeding on bee wax {ill the
beginning of tests. The endo-parasitoid, Apanteles galleriae Wilkinson was
obtained from parasitized G. melionella larvae. Conidia of the fungus
Beauveria bassiana were obtained, through personal communication, from
the Egyptian fungal strain isolated by El-Sufty and Boraei (1987). To ensure
active fungus throughout the study, the fungus strain was maintained in the
laboratory by culturing on full grown G. mellonella larvae, according to
Mansour {1999),

Both parasitoid and insect host cultures were maintained under 25 +
2°C and 75 + 5% R.H. The host larvae were confined in Petri dishes
containing old bee wax as a food source for the wax moth. A piece of cotton
was saturated with sugar solution as a food for the parasitoid, and then the
parasitoid was introduced (1 host: 2 parasitoid femates} for two hours.

G. mellonelia larvae were infected with Beauveria bassiana when
dipped in a fungal suspension containing 5 x 10" conidia/m! and 0.1% Tween
80. T he other iarvae which served as a check were treated with tap water
containing 0.1% Tween 80. Both treated and untreated G. mellonelia larvae
were kept into Petri dishes at 25°C and 80% R.H.

Biological studies on Apantefes galleriae:
Effect of infection by the fungus on the percentage of parasitism:

The rate of parasitism by A. galleriae oviposition was investigated by
using batches of healthy and fungus infected larvae 1, 2, 3, 4 and 5 days old,
each batch consisted of 15 insects. Larvae were randomly arranged on a
paper sheet and introduced to the parasitoids inside a wooden frame cage
covered with cheese cloth (15 x 15 x 50 cm). Host larvae were individually
dissected two hours later and the parasitized ones were recorded.

Effect of the parasitism by A. glleriae on the fungus infection:

To determine the effect of parasitism on viability of B. bassiana
against G. mellonelia, parasitized larvae were treated with the fungus
immediately after parasitization and 1, 2, 3 and 4 days after parasitization in
lots of 12 larvae and incubated until the emergence of parasitoid adult.
Batches of unparasitized larvae (each of 12 larvae) were treated with the
fungus parallel with the parasitized larvae to serve as a check. Dead
parasitized and unparasitized larvae, and hosts producing parasitoids were
recorded.

Effect of insect host infection on some biological aspects of the
parasitoid A. galleriae:

Effect of host infection on development of the parasitoid was studied
on batches of healthy and infected hosts, each of 5 larvae. Infected hosts
were treated with the fungus immediately after parasitization. A batch of
healthy and infected hosts were dissected every day to record the
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development of the parasitoid. Mean durations of the parasite immatures
were recorded.

Twenty adult parasitoids (10 males and 10 females) emerging from
healthy and infected hosts were randomiy chosen. Each pair of the parasitoid
was introduced into P etri dish containing 3 healthy | arvae w hich were daily
renewed by a new set until death of parasitoids. Host larvae were daily
dissected and eggs laid by each female were counted. Preoviposition,
oviposition and postoviposition periods and longevity were determined.

Effect of host infection on mortality of A. galleriae stages:

Twenty five healthy and infected hosls were maintained until
parasitoid emergence, host cadavers were dissected and dead individuals
(larvae, pupae and adult) were counted. Emerging parasitoids were counted
and sexed.

RESULTS AND DISCUSSION

Effect of infection by the fungus on the percent of parasitism:

The p arasitoid f emale A, galleriae | aid its eggs in both healthy and
fungus infected G. melloneila larvae 1-5 days oid, while larvae older than 5
days were not oviposited (Table 1). Young larvae were generally preferred.
Parasitism was statistically the same on both healthy and fungus infected
larvae.

Table {1): Percentage of the p arasitism by A. galleriae in healthy and
fungus infected larvae of G. mellonella.

Larval status Days after fungus infection 1
1 2 3 4 5 6
Healthy 95.3b | 100.0a { 100.0a | 857c | 40.0d | 0Qe
Infected 959b | 100.0a | 980ab | 813¢c | 363d | 0Ce
Comparison $.E.D. L.8.D. 5% LSD.%1
I5.M means 1.88 3.89 5.29
M means | 0.77 1.59 2.18

These results indicate that rate of A. galferiae parasitism seems to be
slightly affected by h ost infection with B. bassiana (Table 1). These values
were 95.3 & 95.9, 100 & 100, 100 & 98, 85.7 & 81.3 and 40 & 35.3 for heaithy
ad infected larvae aging 1, 2, 3, 4 and 5 days, respectively.

Similarly, parasitoid females of the braconid, Microplitis croceipes laid
their eggs in host larvae (Heliothis zea Hb.) infected with the fungus
Nomuraea rilevi without noticeable differences between healthy and diseased
larvae (King and Bell, 1978).

Effect of the parasitism by A. galleriae on the fungus infection:
Data presented in Table (2) indicated that parasitized larvae of G.
melionella were less susceptible to B, bassiana infection than unparasitized
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ones. The highest mortality of parasitized larvae occurred when hosts were
infected immediately after parasitization. Mortality distinctly decreased with
the increase of duration between parasitization and fungus infection. In
infected hosts, the parasitoid was able to complete its development
particularly in hosts infected with the fungus after 2™ day of parasitism.

These results indicated that the parasitoid A. g alferiae reduced the
host susceptibility to B. bassiana infection. It seems that the parasitoid inhibits
the fungus development inside the host, so a considerable number of
parasitoid individuals could compiete their development.

Table (2): Effect of the parasitism by A. galleriae on the percentage of
mortality caused by the fungus infection.

Days after Parasitizad larvae Unparasitized larvae
parasitism | % mortality* | % produced parasitoids % mortality
0 79.0 21.0 100.0
1 68.3 3.7 100.0
E 57.7 42.3 95.00
3 57.0 43.0 80.0
4 20.7 79.3 71.7
00.0 100.0 70.3

Rate of parasitism for uninfected parasitized larvae was 100%.,
* Hosts produced no parasitoids.

These results are in agreement with those of King and Bell (1978)
who found that the highest mortality of parasitized larvae infected with the
fungus Nomuraea rifevi occurred when the host larvae were infected with the
fungus prior to or within one day after parasitization.

influence of the insect host infection by B. bassiana on some biological
aspects of the parasitoid A. galleriae:

Tabte (3) presents durations of A. galleriae stages and total life cycle
for both sexes reared in healthy and infected hosts. Larval and pupal
durations were longer and longevity of female and male was shorter for
parasitoids reared in infected hosts than those reared in healthy ones. These
results revealed that the pre-and post-oviposition periods for female resuiting
from infected hosts were longer than those of female resulted from healthy
hosts (0.12 + 001 & 013 + 0.01 and 0.08 + 0.01 & 0.04 + 0.002),
respectively. The oviposition period was distinctly reduced for females reared
in infected hosts as compared with those reared in healthy ones. Longevity of
parasitoid females emerged from healthy and infected hosts revealed that all
females resulted from healthy hosts survived up to 7 .48 + 1.89 days while
those emerged from infected ones survived up to 4.21 + 0.12 days. The total
life cycle amounted to 27.50 + 2.91 and 24.73 + 1.28 d ays for p arasitoids
produced from healthy hosts and 23.0 + 1.5 and 20.0 + 2.31 days for those
produced from infected ones for female and male, respectively. Mean number
of eggs laid by females emerged from infected hosts was about half that laid
by females resulted from healthy ones; 45 + 15.7 and 25 + 12.9, respectively.

460



J. Agric. Sci, Mansoura Univ., 29 (1}, January, 2004

Effect of host infection by Beauveria bassiana on mortality of A. galleria
stages:

Data presented in Table (4) revealed that infection of host larvae with
B. bassiana caused mortality among larvae, pupae and aduits of parasitoid
inside the host and the highest mortality occurred in the larval stage (56.4%).
Mortality of the different stages inside healthy hosts only amounted to 1.1%.
These results are in agreement with those reported by Ei-Sufty and Fuhrer
{1981) for Pieris brassicae larvae parasitized by the braconid Apenteles
glomeratus and infected with the fungus B. bassiana. They reported that the
duration of iarval stage of the parasitoid was 3 days longerin the i nfected
hasts than in healthy ones. They added that mortality of different stages of the
parasitoid caused by the fungus was 38% {23% in larval, 14% in pupal and
1% in adult stages).

Table (3): Some biclogical aspects of the parasitoid A. galleriae reared
on fungus infected G. mellonella larvae and heaithy ones.

Duration {day)
- Healthy host infected host
Parasitoid stage Range Average Range Average
Min. | Max. + S.D Min. | Max. + S.D

Egg 1 2 1.44 +0.2 1 3 1.99 + 0.01
lLarva 10 13 12.50+2.44 11 15 1250+ 245
Prepupa 1 2 1.48 +0.30 1 3 1.85+0.13
Pupa 4 7 4.60 +0.33 5 8 6.00 + 0.02
Pre-oviposition 0.07 | 0.10 | 0.08 +0.005 | 0.01 | 0.22 0.12 +0.01
Oviposition 5 7 6+0.9 4 6 40+1.9
Post-oviposition 0.01 J 0.08 | 0.04 + 0.00Q O.M 0.15 0.13 + 0.01
Longevity
Female 6 10 7.48 +1.89 3 7 4.21+0.12

ale 4 6 4711 +1.M1 2 3 2.50 + 0.10
Life cycle

emale 220 | 340 | 2750+291 | 21.0 | 320 23+ 1.50

le 28.0 | 30.0 | 24.73+1.28 | 20.0 | 25.0 20+231 .

E. of egg/female 40.0 | 720 45+ 157 23.0 | 36.0 25+129

ex ratio (male: female) 1.0 1.5 - 1.0 1.5 -

Table (4): The precentage of mortality of different stages of A, galleriae
as affected by healthy and infected host larvae.

Host % mortality
status Larval stage Pupal stage Adult stage Total
ealthy 0.3 0.7 0.1 1.1
Infected 45.3 8.6 2.5 56.4 J
The inter-relationship between endoparasitoids and

entomopathogenic microorganisms were discussed by various authors.
Tanada (1956} and Steinhaus {1963) reported that when the bacterium and
virus infect young cabbage worms, the parasitoids developing in the larvae
were generally unable to complete their development. However, when older
hosts are infected by these microorganisms, the parasitoids can sometimes
complete their development. El-Sufty and Fihrer (1981 & 19885) found that in
host-parasitoid systems, such as Pieris brassicae-Apantales glomeratus and
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Cydia pomoneila-Ascoqaster quadnidentatus, growth and dissemination of the
fungus B. bassiana within parasitized host larvae were strongly inhibited. They
concluded that the parasitoid larvae cause the incidence of a fungistatic
materials, presumably originating from terstocytes. As for pupal parasitoids,
Fanrer et al. (1978) reported that the larvae of Pimpia lurioneflae, as an
endoparasitoid of lepidopterous pupae, produces a clear liquid from its
proctodaeum, which acts fungi statistically against B. bassiana and
Peniciltium sp.

The present study indicate that A. galferae, which is the most
common parasitoid of G. melionelfa and A. griseila larvae, seemed fo be not
drastically affected by the infection of its host larvae with B. bassiana.
Deleterious effect would occur only in parasitized larvae infected within 2 days
after parasitization. It may be suggested that the fungus B. bassiana could be
used against G. mellonelfa without effective reduction of A. galleriae
parasitism.

REFERENCES

Anonymous {1959). Outbreaks and new records. FAQO, Plant Prot. Bull., 8(1);
11-12.

Blanchard, E.E. (1936). Microgastrious argentinos, nuevos Y Poco conocidos.
Segunda parte (New or little known argentine microgasterinae, Part
11), 12 (43): 137-152.

Boczkowska, M. (1935). Contribution a letude de limmunite cheq les
chenilles de (Galleia mellonelfa. Contre Les Chompignons
entomophytes. Compt. Rend. Soc. Btol., Paris, 119: 39-40.

Broche, R. (1986). Study of pathogenicity of different Beauveria bassiana
isolates over Galleria mellonella larvae, Ciencia-Y-Teenica en la
Agricultura Citricos Y Otros Frutales (Cuba), 9(4): 23-33.

El-Hemaesy, A.H. (1983). Studies on the braconid parasitoid Apanteles
galleriae Wilkinson, a new record parasitizing wax worms in Egypt
(Hymenoptera: Braconidae). Proc. 5" Arab Pesticide Conf., Tanta
Univ., I: 122-136.

El-Sufty, R. (1983). Enhanced culture of Beauveria bassiana by incorporation
of insect material into the growth medium. J. Agric. Res., Tanta Univ.,
9(3): 871-879.

El-Sufty, R. and H.A. Boraei (1987). The fungus Beauveria bassiana
{Baisamo) Vuillemin, natural pathogen for diapaused adult of Hypra
brunnepennis (Bohman) (Coleoptera: Curculionidae) in Egypt. Bull.
Entomol. Soc. Egypt., 67: 141-150.

El-Sufty, R. and E. Fihrer (1981). Inter-relationships between Pleris brassicae
L. (Lep. Pieridae), Apantales glomeratus L. {Hym., Braconidae) and
the fungus Beauveria bassiana (Bals.) Vuill. Z. Ang. Entomol., 52(24):
321-329.

El-Sufty, R. and E. FOhrer (1985). Inter-relationships between Cydia
pomonella L. (Lep.Tortricidae) Ascogasier quadndentatus Wesm
(Hym.: Braconidae) and the fungus Beauveria bassiana (Bals.) Vuill.
Zn. Ang. Entomol., 99: 504-511.

462



J. Agric. Sci. Mansoura Univ., 29 (1), January, 2004

Fuhrer, E.; R. EI-Sufty and D. Willers (1978). Antibiotic effects of
entomophagous endoparasitoids against microorganisms within the
host body. 4™ Int. Congr. Parasitology, Warszawa.

Gamal EI-Din (1985). Studies on the natural enemies of wax moths with
special reference to the biology of the braconid parasitoid, Apanteles
gafleriae Wilk. M.Sc. Thesis, Fac, of Agric., Cairo Univ., 147 .

Gupta, S.C.; T.D. Leathers; G.N. El-Sayed and C.M. Ignoffo (1994).
Relationship among enzyme activities and virulence parameters in
Beauveria bassiana infection of Galleria mellonelia and Trichoplusia ni.
J. Invertebr. Pathol., 64(1): 13-17

ibrahim, R.A. (1996). Studies on microbial natural enemies of certain insect
pests. M.Sc. Thesis, Fac. Agric., Tanta Univ.

King, G.E. and J.V. Bell (1978). Interaction b etween a braconid, Microplitis
croceipes and a fungus, Nomuraea rileyi in laboratory-reared boliworms
larvae. J. invert Pathol., 31: 337-340.

Mansour, H .M. (1899). Studies on the entomopathogenic fungus Beauveria
bassiana as a biological control agent for some economically important
insects. Ph.D. Thesis, Fac. Agric., Tanta Univ,

Mansour, H.M. (2003). Microbial control by the fungus Beauvena bassiana
against insect pests in honey bee storage. J. Agric. Sci. Mansoura
Univ., 28(8): 7059-7066.

Shimanuki, H. (1981). Controlling of the greater wax moth, a pest of honey
combs USDA, Farmers' Bulletin, No. 2217, 11 pp.

Steinhaus, E.A. (1963). Insect pathology. . Academic Press, New York, 412

Tanada, Y. (1956). Microbial controi of some lepdipoterous pests of crucifers.
J. Econ. Entomol., 49: 320-329.

Wilkinson, D.S. (1932). Four new Apanteles (Hym., Brac.). Stylopes, i (6):
139-144,

Wilkinson, D.S. (1934). On some Apanteles (Hymenoptera: Braconidae).
stylops., 3(7); 145-156.

Apanteles Jibs Galleria mellonella pald 3353 o3 ABal JA)s

Beauveria bassiana ki) 4 galleriae

Fa Lo T glaay jgaia g daal slea

B W L UTONN I SPRCAL I Q&Jh’a_’;—a-\‘-&n

e B oD et 533 e Sl Ul L g it bt 2l Tl 0 I el 138 gy

Sl Y Lalgd Ayl pll il Lt 0 138y 0 G dall DG Jals ek g il el ikl Jiks

sleadl Bl e 2y 80 A pas Al

‘.U.a'\ﬂ U" e-lm aldlly

S aadl e Yy Jikal dps AT g Tl 5 ey kil Glad i o bkl A ses W8
ikl S e Sl S s

Aagle Jikie ppadh G S Ggie S hilly Glad Lgle Jilialt Sl i 2ulS =Y

Sl A e TV Cida Zua Lkl hyhd e 8 Saed Sopa Y5 8l Jikl aay hilly Glayl S -7
e Jilte Sl Sl S %Y s e ey Ly Lle i

bl 0 gall 423l W e haills ol Bl padl [y 0 il A s 558 D e ~

sdaiball Lpdiall Ledll Yy gl aisy 2my Ly S L 5 e il Bl ALl iy Bl -0

463



